Fatigue investigations on a forged “W-Link” to improve the transferability of specimen results to real components  by Tan, Wen et al.
Available online at www.sciencedirect.com
 
 Procedia Engineering  00 (2009) 000–000 
Procedia 
Engineering 
www.elsevier.com/locate/procedia
 
Fatigue 2010 
Fatigue investigations on a forged “W-Link” to improve the 
transferability of specimen results to real components 
Wen Tana,*, Michael Stoschkaa, Martin Riedlerb, Wilfried Eichlsedera 
a
 Chair of Mechanical Engineering,  University of leoben, Franz-Josef Straße 18, Leoben 8700, Austria 
bBöhler Schmiedetechnik GmbH&Co KG, Mariazellerstraße 25, Kapfenberg 8605, Austia 
Received 26 February 2010; revised 12 March 2010; accepted 15 March 2010 
Abstract 
To improve computational lifetime calculation methods, a component specimen named “W-Link” is generated from the Ti-alloy 
Ti-6Al-4V. Based on specimen tests, S/N-curves were evaluated and integrated in the lifetime calculation program FEMFAT. 
Whereby, life time estimation for the component is made possible. In order to compare lifetime calculation to lifetime in reality, 
component tests were carried out. In this way not only the simulation of the lifetime and real tests on specimens are shown, also 
the transferability of specimen results to component is presented. Finally, fracture analysis and comparison of the different 
specimens is carried out. 
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1. Introduction 
The quest for lightweight design and cost efficiency in the component development calls for improved 
computational lifetime calculation methods. This is especially true for the aerospace industry, where lightweight 
materials like Ti-alloys are used for high performance structural components. Ti-6Al-4V, also known as Ti-6-4, is 
one of the most widely used titanium material for space technology due to its excellent properties like specific 
strength and low density [1-2]. In this paper a component named “W-Link” generated from Ti-6-4 pre-material, is 
developed to represent geometric boundary conditions predominated in real components. With this, the 
transferability of pure specimen tests to highly sophisticated components is verified, not just via computational 
approach, but also by means of constant and variable load tests. Lifetime calculation, along with “W-Link” tests on 
a servo-hydraulic test rig allows us to draw conclusions on the specimen based estimations.  
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2. Design 
The investigated material is an (α+β)-Ti-6-4 alloy. The pre-material, a forged and mill annealed V-shaped part 
shown in Fig. 1, is produced for investigating life time correlation between specimen and component. 
2.1. Specimen 
High cycle fatigue (HCF) test specimens were produced by the Chair of Mechanical Engineering as per standards 
shown in Fig. 2 (left). Fig. 2 (right) shows the location from which the specimen is obtained, and also the sequence 
of numbering. The specimen number consists of the V-shape number followed by the position from where it was 
obtained (e.g. 2-1). 
2.2.  “W-Link” design 
The component named “W-Links” is designed to represent geometric boundary conditions as predominated in 
real components, see Fig. 3. The “W-Links” were machined out of forged and heat-treated V-shapes [3], see Fig. 4. 
Four “W-Link” can be manufactured out of each V-shape. At the end, shot peening with steel ball (Intensity: 0.15 – 
0.20mm A, overlay factor: 200%) was carried out. The area of shot peening is shown in Fig. 4. The inner region of 
the hole was closed with a bolt during the shot peening process. 
 
 
Fig. 1. Pre-material V-Shape 
1 3
2 4
 
 
Fig. 2. HCF test specimen geometry (left) and specimen position and numeration (right) 
   
Fig. 3.  “W-Link” design (isometric part; manufacturing sketch) 
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Fig. 4. “W-Link” position in V-Shape with corresponding labels (left) and shot peening area (marked red) (right) 
 
Fig. 5. Servo-hydraulic test rig 
3. Testing and result 
Cyclic tests were conducted on both specimens and components. Specimens were tested with different stress 
ratios and S/N-curves were plotted to illustrate the influence of mean stress on the life time of the specimen. 
Component tests with “W-Link” were carried out with constant and variable amplitude.  
3.1. Specimen test 
In the following section the test rig and the specimen tests results are shown in detail.  
3.1.1. Test rig 
High cycle fatigue (HCF) tests on specimen were carried out on a servo-hydraulic test rig from Instron with an 
Instron FastTrack control, see Fig. 5; with a nominal force of 100 kN. The specimen was clamped with the help of 
mechanical clamping grips. The specimen tests were stress controlled, and the test frequency used was 20 Hz. The 
tests were run up to six million cycles provided that the specimen did not fail earlier. 
3.1.2. Result 
Experimental results from the fatigue tests on the specimen with stress ratio R = 0 are shown in Fig. 6. The 
scatter band is narrow, but above stress amplitude value of 434 MPa, failure at lower load cycles is obviously 
recognisable as being caused by plastic deformation.  
 
 
LA+ V-shape number LM+ V-shape number RM+ V-shape number RA+ V-shape number
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Fig. 6. Specimen test result  
 
Fig. 7. S/N curve with R = 0.1 
3.1.2.1. Mean stress influence 
The specimens were tested with R = 0.1 to investigate the mean stress influence. With the test result (see Fig. 7) 
and the following equations (1) (2), the mean stress influence M = 0.35 can be calculated. Thereby in both equation 
σw is endurance limit at R = -1, σa is stress amplitude and σm is mean stress. 
M = ( σw − σa )/ σ m    (1) 
  
σA + Mσm = σw  (2) 
3.2. Component test 
For the component tests a setup was constructed which is shown in detail below. The Finite Element Analysis 
and the component test results for constant and variable amplitude are described in this section. 
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Fig. 8. Clamping device with “W-Link” 
 
Fig. 9. S/N curve of component test 
3.2.1. Test rig 
The tests were done at a servo-hydraulic test rig from Instron Schenk with an Instron FastTrack control with a 
nominal force of 250 kN. The “W-Link” was fixed by clamping to the upper part of the machine and the lower end 
was fixed via a bolt which also transfers the force. This setup was constructed by the Chair of Mechanical 
Engineering, see Fig. 8. The component tests were load controlled with a test frequency of 5 Hz. 
3.2.2. Results 
The components were tested with constant and variable amplitude. The results are illustrated in S/N curves and 
summarised in table 1.  
3.2.2.1. Constant amplitude test 
The fatigue tests for the “W-Links” were carried out with constant load and a stress ratio of R=0 until break down 
of the specimen occurred, see in Fig. 9 and Table 1. While the intermediate test fits the trend of the upper and lower 
load level, the test at a maximum load of 120 kN shows a remarkable decrease in the load cycles to failure. This 
could be traced to plastic deformation in region of the “W-Link” absorbing the load. Due to complex geometry of 
the component, a finite element simulation was run to determine the local maximum principal stress, so that a 
comparison with the specimen test can be realised, see Fig. 10. 
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Table 1. Constant amplitude component test result 
Specimen Max. Load [kN] Stress [MPa] Cycles [-] Scatter Band [-]
45RA 120 1442 7.945   
45LM 105 1262 31.150 
46RM 105 1262 22.622 
45RM 105 1262 19.782 
1,6 
46LM 90 1082 35.167   
46RA 70 840 128.489 
46LA 70 840 81.632 
45LA 70 840 43.487 
3,0 
 
   
 
Fig. 10. Finite element simulation 
 
Fig. 11. Result of variable amplitude test 
3.2.2.2. Variable amplitude tests 
Multi load tests for the “W-Links” were carried out with a single series of 4 mill annealed specimens. The 
specimens were loaded with a combined load sequence. The load began at 105 kN for the first 400 cycles, and 
decreased to 70 kN for 3,600 load cycles. The both load levels are equal to the constant load tests. This load 
sequence was repeated till the specimen broke down. 
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The number of load sequences till failure ranged from 19 to 65 with the number of corresponding load cycles 
varying from 75,514 to 258,572 i.e., with a scatter band of 3.4, see Fig. 11 and Table 2. Except for the specimen 
RA19, the reached cycles at the maximum load level were at the lower limit of the scatter band of the constant load 
tests (19,782 to 31,150), see Table 1. At the lower load level of 70 kN, except for the specimen RA19, the number of 
cycles far exceeded the maximum number of cycles (128,489) recorded for the same load in the constant load tests. 
This increase could be traced back to the fact of sequence effects, but is not further investigated.  
Table 2. Detailed results of the variable amplitude component test  
Specimen Load level [kN] Cycles at load level [-] Total Cycles [-] Blocks [-] 
105 21.473 
LA19 
70 190.800 
212.273 53 
105 7.600 
RA19 
70 67.914 
75.514 19 
105 19.201 
LM19 
70 172.264 
191.465 48 
105 26.394 
RM19 
70 232.178 
258.572 65 
4. Metallographic Analysis 
The fracture surfaces of the specimen were investigated by light optical microscopy, see Fig. 12. Likewise, 
fracture surfaces of “W-Link” were also investigated to locate the point of crack initiation. According to the FEM 
simulation, cracks initiate from the surface layer as seen in the Fig. 13. Fretting as seen in Fig. 14, initiates cracks 
under the surface, thus reducing the lifetime. The effect of fretting will be investigated further in future. 
 
  
Fig. 12. Fracture surface of specimen 
  
Crack initiation
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Fig. 13. Fracture surface of component 
 
  
Fig. 14. Fretting 
  
Fig. 15. Fracture surface of the variable amplitude tested component 
 
Fig. 16. Result of the life time calculation  
  Fig. 15 shows the fracture surface, wherein, concentric striations are seen to emerge from the point of crack 
initiation. Changes in the load level are believed to bring about these striations. With progressing loads the crack 
surface and the circles became larger and larger. 
5. Life time calculation 
The life time calculation is executed with the software program FEMFAT. As input the stress analysis of the “W-
link” and the global load data agreed with the force applied in the experimental tests are required. . Here the global 
load was carried out with the Finite Element Solver MSC Nastran. The material data were determined by the 
specimen tests mentioned above. The load history is represented in one cycle and so the calculated damage 
represents the inverse number of cycles to failure. The following influences were also considered for the life time 
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calculation: stress gradient, mean stress and mean stress shifting, influence of the surface layer such as roughness, 
shot peening and forging. 
Fig. 16 shows the result for the lifetime calculation with a load of 105 kN, which represents a maximum principal 
stress of 1262 MPa. The calculated lifetime is 29877 cycles and reflects in a good way the experimental results. The 
life time calculation for the lower load level of 70 MPa, demonstrate a significant difference in the calculation 
results. The achieved cycles of the tests are shorter by a factor of ten. This result could be caused by the fretting 
effect which has a strongly influence on the lift time at high cycle fatigue level. Therefore in future the effect of the 
fretting and other influence such as edging effect will be further investigated. 
6. Conclusion 
The presented work shows on the basis of component tests how to transfer specimen results to components but 
also the way to apply these results in life time calculation software. On the high load level compatible results can be 
found, while for the lower stress lever other influences must be considered in the future. So it is important to 
investigate the mutual impact of these influences to get a better sense and to improve the results in the life time 
calculation.  
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